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Abstract: In this paper, I present the R package HomologSearch. The package serves for searching 

similarities between two sequences (protein or nucleotide) in a fasta format. The evaluation is 

computed using the BLAST algorithm and output is a table of homologous locus tags and genes (if 

available). The HomologSearch is available in the GitHub repository under the name ‘Jana-

Mus/HomologSearch’ and can be installed as a library into the R language.  
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1 INTRODUCTION 

With the increasing amount of sequencing data in recent years [1], it has been possible to analyze 

large amounts of genomic information, including genes and genomes of non-model organisms. 

However, functional description of the non-model organisms is still missing. In contrast, model or-

ganisms have been extensively studied, so there is a plethora of available information. By finding 

homologous sequences between model and non-model organisms, we can benefit from the availa-

ble data of functional description and thus shift the knowledge of the non-model organisms. 

Sequence similarity searching is usually the first and most informative analysis of new sequencing 

data [2]. Therefore, many approaches and tools have been developed to find similar and homolo-

gous sequences. The most commonly used algorithm is the Basic Local Alignment Search Tool 

(BLAST) [3]. The original algorithm is a web-based tool that compares an input sequence with one 

of the eight databases, such as PDB or RefSeq.  

The BLAST+ [4] is a BLAST extension that enables to run the algorithm from a command-line. 

This can be advantageous for high volume searches, for users without possibility to use the web 

site, or for the data not stored in a public database.  

rBLAST - Interface for BLAST search [5] is the R package created to run BLAST+ in the R lan-

guage. It enables to create a local database from a protein or nucleotide sequences stored in a fasta 

format. Subsequently, it is possible to compute the degree of similarity between the created local 

database and the selected sequence - protein or nucleotide fasta file. 

2 METHODS 

To find homologs between model and non-model organisms, I proposed the HomologSearch. The 

package computes similarity between two sequences in a first step and subsequently selects enough 

similar parts to select them as homologs. Finally, it extracts names of homologous locus tags and 

genes and stores them into the output table.   
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2.1 SIMILARITY COMPUTATION 

The first step of the HomologSearch is a computation of a similarity between two sequences. De-

pending on whether the input sequences are nucleotides or proteins, a local database (nucleotide or 

protein) is created from a fasta format file containing the model organism sequence.  

Subsequently, the BLAST query is specified. An input file labelled as a non-model organism is 

compared with the local database. Sequences similarities between model and non-model organisms 

are computed and a table is created. The table contains information as names of compared pairs, 

percent identity, alignment length, E-value, Bit-score etc.  

2.2 HOMOLOGS SELECTION 

The next step is the selection of sequence pairs that meet the criteria of the greatest similarities. 

These pairs are referred to as homologous pairs. The criterion takes into account the percent identi-

ty, which indicates how much similar compared sequences are or in another words, how many 

characters are identical. The next criterion is the E-value - the number of expected hits of similar 

score that can be found by chance. The last parameter is the Bit score, which indicates the probabil-

ity level for sequence comparisons that is independent of the size of the search. 

The algorithm selects the pairs that they have the percentage identity higher than 50 percent, the 

bits value higher than 50, and the Expect value less than 10-3 for proteins and 10-10 for nucleotides 

[2]. It then extracts the names of the locus tags and genes from the sequence pairs that meet the 

conditions. These names are stored in the output table, which is also the output of the whole algo-

rithm. 

3 PACKAGE  

The HomologSearch is the package proposed for identic genes from model and non-model organ-

isms searching. It is stored in the GitHub under the name ‘JanaMus/HomologSearch’ (available 

from https://github.com/JanaMus/HomologSearch).  

Therefore the HomologSearch is the R Package, for its using is necessary to have installed the R 

tool (available from https://www.r-project.org/). In addition, the BLAST+ is required (freely down-

loadable from NCBI/BLAST+ or from the NCBI website), along with the R path set to its folder.  

3.1 INSTALLATION 

HomologSearch installation is preceded by a requirement to have three packages downloaded. The 

first is the devtools [6], which is used to access the GitHub repository. The second package is the 

Biostrings [7], which is designed to work with sequencing data. The last package is the rBLAST 

[5]. The installation of described packages takes place directly in the R environment (or in a 

frontend such as RStudio) and separate steps are described in detail below. 

install.packages("devtools") 

library(devtools) 
 

if (!requireNamespace("BiocManager", quietly = TRUE)) 

    install.packages("BiocManager") 

BiocManager::install("Biostrings") 

library(Biostrings) 
 

install_github("mhahsler/rBLAST") 

library(rBLAST) 
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After successfully downloading the required tools and packages, it is possible to proceed to the 

HomologSearch installation itself. The installation consists of two commands (below) and allows 

the downloading and installation directly from the GitHub repository.  

install_github("JanaMus/HomologSearch") 

library(HomologSearch) 

3.2 USAGE 

To launch the package three inputs in a string format are required. The first one is the sequence of 

the model organism, which will be used to create the local database, labelled as ‘model_organism’. 

Second input is the sequence of the non-model organism and will be used for the comparison with 

the local database labelled as ‘nonmodel_organism’ Both sequences must be uploaded in the fasta 

format. The last one is one of two values according to the type of uploaded sequences: nucleotide 

or protein. This input is labelled as ‘fasta_type’.  

Below are described steps of using the HomologSearch. Example sequences were downloaded 

from the NCBI GenBank database. The model organism is the Escherichia coli ATCC 8739, avail-

able from https://www.ncbi.nlm.nih.gov/nuccore/CP000946.1. The selected non-model organism is 

the Clostridium beijerinckii NRRL B-598 (https://www.ncbi.nlm.nih.gov/nuccore/CP011966.3). 

Sequences were downloaded as follows: Send to: Coding Sequences, Format: FASTA protein and 

stored into the same folder as the BLAST+ files.  

Directions:  

1. Set the path to the folder that contains BLAST + and both sequences.  

setwd(“docs/Rpackages/HomologSearch/BLAST+sequences”) 

2. Load the library. 

library(HomologSearch) 

3. Run the HomologSearch(model_organism, nonmodel_organism, fasta_type) 

HomologSearch(‘model_organism.fasta’, ‘nonmodel_organism.fasta’, ‘pro-

tein’) 

4. The output file containing names of homologous locus tags or genes is stored in the folder with 

set path in the first step under the name homologs.csv 

3.3 TESTING 

I tested the package functionality on four separate queries. I selected at all four organisms – bacte-

ria, two well studied model organisms and two non-model organisms studied at the BUT, Depart-

ment of Biomedical Engineering (UBMI). 

As the first model organisms, I selected the most studied organism Escherichia coli, strain ATCC 

8739. The second model organism is the Bacillus subtilis, strain 168.  

As the non-model organisms, I selected the Clostridium beijerinckii NRRL B-598 and Schlegelella 

thermodepolymerans DSM 15344. The first bacterium is studied at the UBMI for its ability to pro-

duce solvents such as acetone, butanol, and ethanol – possible biofuels in a large scale. The second 

non-model organism is the Schlegelella thermodepolymerans DSM 15344 (whole sequence is 

available from the NCBI GenBank database under the accession number QQAP00000000; 

https://www.ncbi.nlm.nih.gov/nuccore/1440911318). It is a thermophilic gram-negative bacterium 

isolated at the BUT, Faculty of Chemistry (FCH) for its ability to degrade some resistant biopoly-

mers. At the UBMI, we cooperate with the FCH on the study of the bacterium for its possibility to 

produce polyhydroxyalkanoates – degradable plastics.  
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By comparing described model and non-model organisms I obtained the homologous locus tags 

and genes. Results as the number of homologous locus tags and genes and their names are shown in 

the table below. The first two columns show compared sequences. The third column shows the 

number of homologous sequences. There are about 150 highly conserved genes across all the ge-

nomes [8], the closer the bacteria genus or species are, the higher number of homologous genes is 

[9]. This is reflected in the results in the table below – related bacteria such as E. coli with S. ther-

modepolymerans and B. subtilis with C. beijerinckii have more than 500 homologous genes, less 

related pairs have less homologs.  

In addition to evaluating the functionality using the number of found homologs, I also calculated 

the number of genes that have the same name for the found homologs. Since not all compared se-

quences contain gene names, this analysis could only be performed in pair B. subtilis and C. bei-

jerinckii. The resulting number of identical gene names is 67%, which is a satisfactory value since 

some genes have not exactly the same name and therefore have not been evaluated as identical but 

different. 

Model organism Non-model organism No. homologs Homologous genes 

E. coli ATCC 8739 C. beijerinckii NRRL B-598 251 gyrB, addA, sigA 

E. coli ATCC 8739 S. thermodepolymerans DSM 15344 558 dnaA, gyrB, metG 

B. subtilis str. 168 C. beijerinckii NRRL B-598 577 dnaA, gyrA, SpoIIID 

B. subtilis str. 168 S. thermodepolymerans DSM 15344 172 gyrB, hisD, rpsM 

Table 1: Evaluation of the HomologSearch functionality by searching homologs in two model and 

two non-model organisms. 

4 CONCLUSIONS 

I created the HomologSearch – R package for searching similarities and homologs between two se-

quences. The package is available in the GitHub repository under the name ‘Jana-

Mus/HomologSearch’ and can be installed as a library into the R language.  

The package requires three input information: names of two compared sequences stored in a fasta 

format files and the information of the fasta type (protein or nucleotide). Once the input infor-

mation is entered, or the HomologSearch function is started as Homo-

logSearch(‘model_organism.fasta’, non-model_organism.fasta’, ‘fasta_type’), the evaluation be-

gins. The comparison of similarities is computed using the BLAST algorithm. The homologs selec-

tion is subsequently based on selection of pairs meeting the specific criteria. The output of the 

function is a table of homologous locus tags and genes (if available).  

To verify the function of the HomologSearch package, I computed at all four queries containing 

comparison of two model with two non-model organisms. Results as the number of homologous 

locus tags or genes are shown in the table in the section 3.3 Testing and corresponds to biological 

values.  
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